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(54) OPERATION OF FUEL CELL 

(57)Abstract: 

PURPOSE: To maintain an appropriate temperature 
range during operation even in an operation condition or 
operation environment where cell temperature might 
increase above the appropriate temperature due to heat 
generation of the cell by evaporating water in anolyte 
whereby latent heat of evaporation cools the anolyte. 
CONSTITUTION: Air, fed by an air supplier 7 such as 
fan through a valve 18, is in contact with an anolyte in a 
cooler 2 utilizing evaporation latent heat provided on an 
anolyte circulation flow route 1 1 . Then, being cooled by 
the latent heat of water evaporation, the anolyte returns 
to an anolyte circulation bath 3 and the moistened air is 
discharged out of the system. By the arrangement, since 
the anolyte with low temperature circulates inside the 

fuel cell body 1, an appropriate temperature range of the cell temperature is maintained and 
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stable operation can be continued. 
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Japanese Patent Laid-Open No. 63-236271 (JP-A No. 63-236271) 

SPECIFICATION 

5 1. Title of the Invention 
FUEL CELL OPERATING METHOD 

2 . Claims 

1. An operating method for an acid electrolyte fuel cell 
10 which uses methanol as a fuel and sulfuric acid for example 

as an electrolyte, wherein anolite is cooled by latent heat 
of water contained in the anolite for maintaining an operating 
temperature within an appropriate range and continuing an 
operation stably in an operating condition or environmental 
15 condition that a fuel cell temperature can rise beyond an 

appropriate temperature range particularly due to heat 
generated in the fuel cell. 

2. The operating method of fuel cell according to Claim 1, 
wherein water in the anolite is evaporated via a 

20 water-permeable film. 

3. The operating method of fuel cell according to Claim 1, 
wherein water in the anolite is evaporated via a porous film 
whose affinity to anolite is low. 

4. The operating method of fuel cell according to Claim 1, 
25 wherein water in the anolite is evaporated by direct contact 

of the anolite with cooling air. 

3. Detailed Description of the Invention 
(Field of the Invention) 
30 The present invention relates to an operating method of a 
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fuel cell, and particularly to a method of adjusting operating 
temperatures by cooling. 

(Prior Art) 

5 A fuel cell takes out energy of chemical reaction between 

a fuel and an oxidizing agent directly in the form of electrical 
energy. Since the fuel cell has high power generation 
efficiency or does not produce much noise or vibration, and 
exhaust gas from the fuel cell is non-polluting, there is much 

10 expectation for the fuel cell as a new method of power generation . 
In particular, an acid electrolyte methanol fuel cell 
(hereinafter called methanol fuel cell) which uses methanol as 
the fuel and sulfuric acid, for example, as the electrolyte can 
operate at room temperatures as well as at relatively low 

15 temperatures (60°C), and are easy to reduce the size. For these 
reasons, a variety of applications has already been identified 
for the fuel cell as a middle/small capacity power source. 

In this fuel cell, operating temperatures must be 
maintained within a predetermined range in order to obtain a 

20 predetermined output stably. 

In the fuel cell, not all of the reaction energy is converted 
into electric energy but a sizable amount of energy is released 
in the form of thermal energy. 

Therefore, it is possible to use this thermal energy in 

25 maintaining the operating temperature in an appropriate range. 
However, the temperature can become too high depending upon 
operation conditions or operation environment, and so certain 
means for cooling is necessary in order to maintain the 
temperature in an appropriate range. 

30 Methods of cooling the cell are generally grouped into two 
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categories: In one category, anolite which is to be described 
later is cooled, and in the other, air which is supplied as the 
oxidizing agent is used for cooling. 

JP-B 53-145133 discloses a method in the former category. 
5 In this method, the anolite is introduced to a radiator, and 
is cooled by air via a thermal conduction surface. So, the 
gazette discloses a proposal for radiator structures. A 
problem is that this method requires a large area of thermal 
conduction since the cooling is provided via a thermally 

10 conductive surface and the cooling medium is air. Further, 
there is a limitation: At high environmental temperatures, i.e. 
if the temperature of the cooling air (atmosphere) becomes high, 
the cooling ability decreases and it becomes practically 
impossible to cool. 

15 Methods in the latter category can be simple, but the amount 

of air necessary for power generation may not always the amount 
of air needed for cooling. Therefore, there is not a wide range 
of freedom in selecting the amount of air, and it is not possible 
to expect a large cooling capacity. As in the former methods, 

20 the cooling ability decreases and it becomes practically 
impossible to cool at a high environmental temperature. 

(Problems to be Solved by the Invention) 

An object of the present invention is to solve the 

25 above-described problems and to provide a fuel cell operating 
method capable of maintaining the operating temperature within 
an appropriate temperature range even under operating 
conditions or an operation environment in which heat from the 
fuel cell can cause the fuel cell temperature to go beyond an 

30 appropriate operating temperature range. 
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(Means for Solving the Problems) 

The object is achieved by evaporating water in the anolite 
which is to be described later, thereby cooling the anolite by 
5 latent heat of water evaporation. 

Specif ically, the cooling is achieved by bringing anolite 
to direct contact with cooling air. 

Further, cooling is also achieved by bringing anolite in 
contact with cooling air via a water-permeable film. 
10 Further, cooling is also achieved adequately by bringing 

anolite in contact with water via a porous film whose affinity 
to anolite is low. 

(Function) 

15 In an acid electrolyte methanol fuel cell, an aqueous 

mixture of methanol and sulfuric acid, which is generally termed 
as anolite, is supplied to a methanol electrode (anode) of the 
cell, and air which serves as an oxidizing agent is supplied 
to an air electrode (cathode) , in order to cause power 

20 generation. Generally, the anolite is circulated via a 
circulation tank by circulation means such as a pump, to the 
methanol (electrode) chamber in the cell main body. An amount 
of methanol consumed in the power generation is replenished by 
an equal amount of methanol (together with water, as necessary, 

25 which is also consumed in the power generation, etc.) to the 
anolite, whereby a constant methanol concentration is 
maintained in order to maintain the state of power generation. 

As mentioned earlier, maintaining the temperature of the 
fuel cell is effective for smooth power generation, and this 

30 is primarily achieved by maintaining the temperature of anolite 
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at an appropriate level. Although the appropriate temperature 
depends on operating conditions, it is in a range of 40-60°C 
approx. when an operating current density (current density per 
unit area of electrode) is in a range of 40-60mA/cm 2 . 
5 According to the present invention, water in anolite is 

evaporated and the anolite is cooled by the latent heat of 
evaporation, to maintain the fuel cell operating temperature 
within an appropriate range. Since the present method makes 
use of a large latent heat of evaporation which is 580 kcal/g, 

10 the method can of fer a large cooling capacity . Further, cooling 
is possible even if the environmental temperature is high. For 
instance, cooling is possible even in an extreme case when the 
environmental temperature is higher than the fuel cell 
operating temperature of 40-60°C, as long as the atmosphere is 

15 below a saturation temperature. 

The present method can make use of ordinary gas-liquid 
contact techniques such as bubbling method, spray method, 
filling method, wet wall method, etc. 

Further, according to the present invention, a good result 

20 can be achieved by evaporating water via a water-permeable film. 
In order to increase the rate of water evaporation, the area 
of gas-liquid contact must be increased. By allowing anolite 
to contact with cooling air via a film, the area of contact can 
be increased and the cooling capacity can be increased. 

25 Further, according to the present invention, a good result 

can be achieved by evaporating water via a porous film whose 
affinity to anolite is low. 

According to this method, surface tension prevents anolite 
from passing through the film under a certain pressure. 

30 Therefore, it is possible to form a gas-liquid interface within 
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the film, and to allow water to evaporate from this interface. 
Since the film is porous, water transfer resistance in the film 
is as small as in the gaseous phase, and due to the increase 
in the area of gas-liquid contact surface, a high cooling 
5 capacity is obtained. In this case, the porous film can be 
provided suitably by a porous film made of a fluorine resin such 
as polytetraf luoroethylene (PTFE) , or a hydrocarbon resin such 
as polyethylene and polypropylene, but the present invention 
does not make any particular limitation to the kind of material 

10 for the film. No limitations are made either, to the 
construction of a gas-liquid contact device which uses these 
films. For example, JP-A No. 60-147286 discloses a contact 
device which uses an annular film, and JP-A No. 57-113801 
discloses a contact device in which flat films are laminated, 

15 and another contact device which uses a spiral roll of a flat 
film. Any of these and other structures may be used in the film 
device . 

(Embodiments) 

20 Hereinafter, an embodiment of the present invention will 

be described with reference to Fig. 1. The present embodiment 
makes use of a porous film whose affinity to anolite is low, 
in a cooler which utilizes latent heat of evaporation. 

In Fig. 1, anolite is circulated in a fuel cell main body 

25 1 through an anolite channel 11 via an anolite circulation tank 
3 by anolite supply means 8 such as a pump. Also, the fuel cell 
main body 1 is supplied with air through a channel 9 by air supply 
means 6 such as a fan. With supplied methanol and air, the cell 
main body generates electric power. The power generation is 

30 maintained by a supply of fuel methanol or methanol aqueous 
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solution from a fuel storage tank 4 to the anolite circulation 
tank 3 via the fuel channel 12 and a valve 19. The anolite 
circulation channel 11 is provided with an evaporation latent 
heat utilization cooler 2. In the evaporation latent heat 
5 utilization cooler 2, anolite makes contact with air which is 
supplied through a valve 18 by the air supply means 7 such as 
a fan, via a PTFE porous film. The anolite is cooled by the 
latent heat due to evaporation of water, and then returns to 
the anolite circulation tank 3 . The moistened air is discharged 

10 out of the system (via an exhaust gas purifier 5 which may be 
provided as necessary for a purpose of removing methanol, etc. 
contained in the exhaust) . 

With the above-described arrangement, the temperature of 
anolite decreases, and by circulation of low-temperature 

15 anolite through the fuel cell main body 1, the temperature of 
the fuel cell main body decreases, and it is possible to maintain 
the operating temperature in an appropriate range. 

Amount of cooling can be easily adjusted by adjusting the 
amount of supplied air by controlling the valve 18, and by 

20 adjusting the amount of anolite which passes through the 
evaporation latent heat utilization cooler 2 by controlling the 
valves 20 and 21. 

It should be noted here that although Fig. 1 shows two air 
supply means 6, 7, it is obviously possible to use only one supply 

25 means to supply air for heat generation and to supply air for 
cooling. With the above-described method, it becomes possible 
to maintain the temperature of the fuel cell within an 
appropriate temperature range and to continue a stable 
operation even under a high current density, a high methanol 

30 concentration in anolite, or under other operating conditions 
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subject to temperature rise, or at high environmental 
temperatures . 

Fig. 2 shows another embodiment of the present invention. 
In the present embodiment, anolite and air are brought to direct 
5 contact with each other in an evaporation latent heat 
utilization cooler . 

In Fig. 2, just as is in Fig. 1, anolite is circulated in 
a fuel cell main body 1 through an anolite channel 11 by anolite 
supply means 8 such as a pump. Also, the fuel cell main body 

10 1 is supplied with air through a channel 9 by air supply means 
6 such as a fan. The cell main body generates electric power, 
and the power generation is maintained by a supply of fuel 
methanol or methanol aqueous solution from a fuel storage tank 
4 to the anolite circulation channel via the fuel channel 12 

15 and a valve 19. Further, the anolite circulation channel 11 
is provided with an evaporation latent heat utilization cooler 
2, just as in Fig. 1. The biggest difference of the present 
embodiment from the previous embodiment is that anolite makes 
direct contact with a catalyst in the evaporation latent heat 

20 utilization cooler 2 . Specifically, in the present embodiment, 
the evaporation latent heat utilization cooler 2 includes a 
filler layer 14 for gas-liquid contact, a mist separator 16, 
and an anolite receiving layer 15. Air supplied through a valve 
by air supply means 7 such as a fan makes direct contact with 

25 anolite in the filler layer 14. The anolite is cooled by latent 
heat of water evaporation and returns to the anolite receiving 
layer 15 whereas moistened air is discharged out of the system 
(via an exhaust gas purifier 5 which may be provided as necessary 
for a purpose of removing methanol, etc. contained in the 

30 exhaust) . 



With the above-described arrangement, the temperature of 
anolite decreases, and it is possible to maintain the cell 
operating temperature in an appropriate range. 

By operating the valves 18, 20, 21, thereby adjusting the 
5 amounts of cooling air and the flow of anolite, the amount of 
cooling can be easily adjusted just as in the previous 
embodiment . 

Fig. 3 shows still another embodiment of the present 
invention . 

10 In the present embodiment, an evaporation latent heat 

utilization cooler and an anolite circulation tank are integral 
with each other, and cooling air moves in the cooler by natural 
convection. 

In Fig. 3, an evaporation latent heat utilization cooler 

15 2 is integral with an anolite circulation tank 3 via a porous 
film 13 whose affinity to anolite is small. In other words, 
the anolite circulation tank 3 has at least part of its liquid 
contact portion provided by the porous film 13. One side of 
the porous film is contacted by anolite whereas the other side 

20 is blown by cooling air. The porous film 13 is disposed 
vertically. Further, an exhaust gas purifier 5 is placed above 
the evaporation latent heat utilization cooler 2, and the two 
components are connected by an upward one-way channel. The 
exhaust gas purifier 5 is filled with a methanol oxidizing 

25 catalyst, and exhaust gas flows down in a vertical channel. 
Cooling air is heated by anolite, and then heated further in 
the exhaust gas purifier 5 by oxidation heat of methanol 
contained in the exhaust gas , and flows naturally by convection . 
Air supply to the fuel cell main body, circulation of 

30 anolite, fuel supply and so on are the same as in the second 
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embodiment . 

The above-described embodiment enables to reduce the size 
and complexity of the cooling system. 

(Advantages of the Invention) 

With the above-described method, it becomes possible to 
maintain the temperature of the fuel cell within an appropriate 
temperature range and to continue a stable operation even under 
an operating condition or an operating environment where heat 
generation by the cell can increase the fuel cell temperature 
beyond an appropriate temperature range for operation. 

4. Brief Description of the Drawings 

Fig. 1 through Fig. 3 show flows in embodiments of the 
present invention . 
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